The concept of a canister system capable of storage, transportation, and disposal without repackaging has been developed and discussed for many years. Past work considered the multipurpose canister (MPC) system and the transportation, aging, and disposal (TAD) canister system that was developed to be compatible with a repository in volcanic tuff (Hardin et al. 2012 , Hardin et al. 2013 . The potential benefits of this type of system include the following:
• Reduced overall waste management system cost
• Increased flexibility and/or reduced sensitivity to future decisions and to changes in waste management strategies
• Streamlined handling, packaging, and licensing at an interim storage facility (ISF) and/or repository
• Streamlined transportation hardware and operations
• Reduced uncertainties associated with waste acceptance and system performance
• Minimized amount of repackaging
• Reduced handling of individual fuel assemblies leading to reduced probability of assembly mishandling or drops, as well as reduced concerns related to fuel condition following extended storage and transportation. This may facilitate defining retrieval at the canister level as opposed to the assembly level.
Purpose
This document provides specifications for selected system components of a standardized transportation, aging, and disposal (STAD) canister-based system. This document was developed to support STAD canister system studies and potential research, development, and demonstration activities. Requirements in this specification may evolve with time based on results from analyses, experiments, design studies, system evaluations and demonstrations, as well as other factors.
The STAD canister, in conjunction with specialized storage and transportation overpacks, storage and aging facilities, and ancillary equipment, would accomplish multiple functions in the management of SNF. Some of these functions would be accomplished by owners or generators at their sites where SNF is stored, and some would be performed by DOE after acceptance of the SNF within a federal-government-managed transportation, interim storage, and disposal system. This document contains only those requirements unique to applications within a federal SNF management system. Requirements to meet utility functions such as onsite dry storage, handling, and loading for transportation are determined by the utility licensing process and are expected to be similar to commercially available canister-based systems. This document contains performance specifications for the STAD canister, the storage or aging overpack/module/vault, the shielded transfer cask (STC), the site transporter, the transportation overpack, and the transportation skid. Other components (e.g., disposal overpack) and equipment unique to a federal repository will be developed in the future.
Other than interfacing with the STAD canisters and other STAD system components, the design of an independent spent fuel storage installation (ISFSI) or a federal ISF is beyond the scope of this performance specification document.
Standardized Transportation, Aging, and Disposal System Description
A STAD system consists of one or more canister(s), storage or aging overpack/module/vault, shielded transfer cask, site transporter, transportation overpack, and transportation skid. Because the disposal environment is currently unknown, no disposal overpack can be specifically defined at this time. However, it is expected that the canister would eventually be placed in a disposal overpack for disposal. The disposal overpack with its contents is referred to as a waste package.
STAD Canister
A STAD canister would be loaded with commercial SNF and sealed at an existing 10 Code of Federal Regulations (CFR) Part 50 facility, existing or future ISFSI or ISF, or future geologic repository surface facility. The loaded STAD canister could be used for storage for a period of time at ISFSI facilities or a federal ISF, and it could be transported between facilities. Therefore, the STAD canister storage and transportation system designer would have to obtain NRC Certificates of Compliance (CoCs) in accordance with 10 CFR Parts 72 and 71, respectively. For example, the STAD canister system might be stored at an ISFSI, followed by transportation, followed by storage at an ISF, followed by transportation, and followed by aging at a repository). At an ISF, a loaded STAD canister might also be handled using an STC and stored in a storage overpack/module/vault. At a geologic repository, a loaded STAD canister might also be handled using an STC and aged in an aging overpack/module/vault. Ultimately, loaded STAD canisters would be placed in disposal overpacks for disposal. Although regulatory requirements associated with disposal of STAD canisters are outside the scope of this performance specification document, some STAD canister performance specifications are informed by disposal considerations.
The capacity (PWR or BWR assemblies) of a STAD canister is a key performance parameter. Currently, storage and transportation designs aim at maximizing the number of assemblies in a single canister. At a repository, the waste package capacity could be small, ranging from 4 PWR assemblies in some geologic media up to 21 PWR assemblies in a repository license application (DOE, 2008a) . Because of these contrasting capacities, the STAD canister may be modular. That is, one or more STAD canisters may be loaded into a single storage overpack or transportation overpack. At this time, STAD modularity is limited to circular cross section STAD canisters. The key advantage of a modular STAD canister is that once SNF assemblies are packaged into a STAD canister, they would not require repackaging as they move through the sequential facilities that comprise the waste management system.
Storage and Aging Configurations
Storage and aging are related phases in the lifecycle of SNF. Storage may be done for operational reasons including utility SNF pool capacity limitations and consolidation of SNF pending the availability of a downstream facility. Aging is storage for the purpose of reducing the thermal load, such that the SNF can be transported or disposed. Storage and aging configurations for STAD canisters include the potential use of storage/aging overpacks, modules, or vault systems. Overpacks/modules/vaults may be designed to contain single or multiple STAD canisters and would be used to safely contain loaded STAD canisters at a storage or aging facility (ISFSI, ISF, repository surface facility) until transported or emplaced in a repository. The storage or aging overpack/module/vault, in conjunction with the STAD canister, would ensure compliance with storage safety functional requirements including confinement, radiological protection, criticality safety, retrievability, and thermal performance during normal operations, off-normal conditions, and design basis accidents. Storage overpacks must be designed to meet the requirements of 10 CFR Part 72.
Shielded Transfer Cask
The STC would be used for intrasite transfer of a loaded STAD canister or group of canisters at an ISFSI, ISF, or repository surface facility. The STC would facilitate loading into a storage/aging overpack/module/vault, transportation overpack, or repository disposal overpack. It would protect the STAD canister from damage, protect workers from radiation, and allow for required heat dissipation. The STC must be designed to meet the requirements of 10 CFR Part 72.
Site Transporter and Associated Equipment
The site transporter is a vehicle that would be used for transporting loaded and unloaded STCs at an ISFSI, ISF, or repository aging facility. The transporter would provide support for STCs during loading and unloading operations. The site transporter might also be capable of moving the loaded transportation overpack (with or without the transportation skid). Alternatively, the applicant for an NRC license or CoC could design separate transporters for the STC and transportation overpack.
Transportation Overpack
The transportation overpack is an overpack that would be certified in accordance with 10 CFR Part 71 as a packaging component used to enclose one or more STAD canisters for transportation. The transportation overpack, in conjunction with the STAD canister and its contents, would provide for compliance with transportation safety functional requirements including containment, radiological protection, criticality safety, and thermal performance during normal conditions of transport (NCT) and hypothetical accident conditions (HAC).
Transportation Skid
The transportation skid (or cradle) would be the means of handling assembled transportation packages at various sites and during intermodal transfers. The transportation skid is the interface between the shipping cask (consisting of one or more STAD canisters in a transportation overpack) and the railcar.
Ancillary Equipment
Ancillary equipment is any general or site-specific equipment that would be required to operate and handle STAD system components in accordance with their CoCs and other regulatory or operational requirements. Ancillary equipment to be used at the repository would be developed in the future. Any ancillary equipment needed for use at reactor sites is expected to be similar to commercially available equipment in common usage.
Disposal Overpack
The disposal overpack, in which the STAD canister(s) would be sealed prior to final emplacement in the repository subsurface, is outside the scope of this performance specification document.
Approach
The STAD canister would be designed to perform in three applications-storage, transportation, and disposal-each of which is regulated separately. In each application, the STAD canister would perform as part of an integrated system. The regulatory requirements address the integrated system rather than addressing the STAD canister as a separate entity. This performance specification document clarifies the regulatory requirements for the STAD canister and for the STAD canister inside a storage or transportation overpack. Some STAD canister performance specifications are informed by disposal considerations that are anticipated for future repository licensing. Standard review plans (NUREGs) provide regulatory compliance approaches previously endorsed by the NRC staff. Using these approaches in a CoC application or in a license application for a new ISFSI or ISF will streamline the review process compared to the effort and time NRC staff would need to use to review new approaches. Therefore, this performance specification document is based on treating these approaches from the NUREGs (and associated regulatory guides and interim staff guidance documents) as if they were requirements (rather than guidance) unless the STAD system itself is incompatible with those approaches and a new approach is needed.
In the context of this performance specification document, the term "approved contents" is defined as the loaded STAD canister(s) in either of the following: The regulatory documents require using the radiation safety ALARA (as low as [is] reasonably achievable) principle for minimizing radiological impacts. This performance specification document follows the ALARA principles for both public and worker health and safety.
Section 2 of this specification lists references that are the sources of requirements or guidance, with abbreviated citations. Section 5 lists all references for this document, including more complete citations for the references in Section 2. Section 3 lists the performance specifications for each component of the STAD system. A glossary is provided in Section 4.
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Limitations
Some elements of this STAD specification are derived based on performance considerations for potential geologic disposal. The regulatory basis for this STAD specification is limited to storage and transportation and does not include repository operations and disposal.
Quality Assurance
This performance specification document was prepared under the ORNL QA Program, which is based on ASME-NQA-1-2008 with the NQA-1a-2009 Addenda. The NRC has endorsed versions of ASME NQA-1 as meeting many of the regulatory requirements for QA programs. In RG 7.10 Rev 2 (Transportation QA, issued in 2005), the NRC endorsed ASME-NQA-1-1983 in its entirety as meeting the requirements of 10 CFR Part 71 Subpart H. In RG 1.28 Rev 4 (NPP QA, issued in 2010), the NRC endorsed use of ASME-NQA-1-2008 including the NQA-1a-2009 Addenda, subject to a set of additions and modifications listed in the RG. The NRC has as yet made no endorsement of the 2012 or 2015 versions of NQA-1.
REQUIREMENTS AND GUIDANCE DOCUMENTS, CODES AND STANDARDS
This section lists references providing requirements or guidance for storage and transportation systems that may include the STAD canister as a subsystem. The reference citations in this section are abbreviated but are adequate for document identification. Complete citations for these and other references are listed in Section 5.
The list of applicable guidance documents, codes, and standards is not comprehensive. Additional guidance documents, codes, and standards may be identified as applicable based on the specific design of the STAD canister system.
The references cited in this section also cite other references that may be needed to comply with this performance specification document. Some but not all of those references are cited in Section 5.
The most recent versions of all references are cited in this document (as of early 2015); however, it is recognized that some CoC and license applicants will use earlier versions of some references in accordance with their existing NRC-accepted quality assurance programs. 
Regulations

NRC Documents
The following is a list of NRC review plans relevant to STAD canister systems for storage and transportation. A more comprehensive list of NUREGs is provided in Section 5.
NUREG-1536, Revision 1, Standard Review Plan for Dry Cask Storage Systems at a General License
Facility.
NUREG-1567, Standard Review Plan for Spent Fuel Dry Storage Facilities.
NUREG-1617, Standard Review Plan for Transportation Packages for Spent Nuclear Fuel.
The following is a list of NRC regulatory guides relevant to STAD canister systems for storage and transportation. A more comprehensive list of RGs is provided in Section 5. 
SFST-ISG-19, Moderator Exclusion under Hypothetical Accident Conditions and Demonstrating Subcriticality of Spent Fuel under the Requirements of 10 CFR 71.55(e).
The following NRC NUREG and interim staff guidance documents pertaining to the NRC's review of a repository license application (DOE, 2008a) could be relevant to ISFs or aging and handling facilities at a geologic disposal site that may be under a risk-informed performance-based regulation as opposed to the current code-based deterministic regulations for storage and transportation.
NUREG-1804, Revision 2, Yucca Mountain Review Plan. 
HLWRS-ISG-01, Review Methodology for Seismically Initiated Event Sequences.
Codes and Standards
AAR (Association of American Railroads) Manual of Standards and Recommended Practices,
PERFORMANCE REQUIREMENTS
The design criteria and performance specifications for the following STAD canister system components are provided in this section; other components (e.g., disposal overpack) are outside the scope of this document.
• Standardized transportation, aging, and disposal canister
• Storage and aging configurations
• Transportation overpack
• Shielded transfer cask
• Site transporter
An overview of the upper-level requirements documents is provided in Section 1.3 of this performance specification document. This section applies those upper-level requirements to the STAD canister system components.
This performance specification document has been developed in a manner intended to facilitate issuance of CoCs for STAD canister system components. The approved approaches (guidance) provided in NRC documents are used as requirements to fulfill this objective. The current specification is limited to undamaged SNF assemblies, which comprise the majority of the SNF inventory. The ability to accommodate damaged fuel cans, consolidated fuel rods, and fuel debris will be a consideration in a future revision of the STAD performance specification document.
STAD Canister
This section provides the performance requirements of the STAD canister, which could be part of NRCcertified systems that are approved for storage, transportation, aging, and disposal. The STAD canister includes a canister shell, lid(s), and components (e.g., basket for holding fuel assemblies, thermal shunts, neutron absorbers) needed to perform its safety functions. The performance specifications for the STAD canister, in conjunction with the STAD canister-based system components, as applicable, are provided in the following subsections.
General
1 . The 10 CFR Part 71 and 10 CFR Part 72 requirements apply to the loaded STAD canister in a transportation or storage overpack, respectively. NUREG-1536 Rev. 1 and NUREG-1567 for storage, and NUREG-1617 for transportation, provide approaches that have been accepted by the NRC staff in the past. Although these approaches are considered as guidance by the NRC, they are used as requirements in this performance specification document. Applicants may use alternative approaches if the previously accepted approaches are not applicable to the particular circumstances of the STAD canister.
2 . The design lifetime of the STAD canister shall be 150 years from the time the canister is loaded with SNF to the time the canister is loaded into a disposal overpack; that period could include multiple dry storage and transportation cycles. It is acceptable to use aging management protocols and/or engineered measures to ensure continued compliance with applicable requirements.
3. The capacity of the small STAD canister shall be either four PWR SNF assemblies or nine BWR SNF assemblies. The outside diameters of the small PWR and BWR canisters shall be the same.
4. The capacity of the medium STAD canister shall be either 12 PWR SNF assemblies or 32 BWR SNF assemblies. The outside diameters of the medium PWR and BWR canisters shall be the same. 5. The capacity of the large STAD canister shall be either 21 PWR SNF assemblies or 44 BWR SNF assemblies. The outside diameters of the large PWR and BWR canisters shall be the same.
6. A STAD canister shall be capable of being loaded with SNF from all facilities licensed by the NRC and holding a contract with DOE for disposal of SNF.
7. A STAD canister shall be capable of accepting undamaged PWR or BWR SNF assemblies with initial enrichment up to 5 wt % 235 U and burnup up to 62.5 gigawatt day (GWd)/metric tons of uranium (MTU). Required cooling (decay) time before loading shall be at least one year and depends on enrichment, burnup, and assembly design.
8. The STAD canister shall be designed for storage in either a horizontal or vertical orientation. 9. A STAD canister shall be designed for transportation between sites in a horizontal configuration.
10. The STAD canister is required to have a circular cross section (in the plane perpendicular to the canister's long axis).
11. The STAD canister design shall accommodate the varying lengths of the current inventory of SNF (including non-fuel components [e.g., rod cluster control assemblies]) by using a flexible design that can be fabricated at more than one length. The design shall be integrated with storage overpack and transportation overpack designs and with dimensional clearances at existing reactor facilities.
12. The loaded and closed STAD canister shall be capable of being cut open while submerged in a borated or nonborated pool.
13. Loading operations for each STAD canister capacity variant shall be compatible with load limits and crane-lifting capacities at all existing reactor sites with a handling capacity of at least 100 tons. Design of multiple STC variants to accommodate a range of crane capacities is acceptable.
14. The canister-lifting feature shall be incorporated into the canister top lid and shall not protrude beyond the canister sidewalls.
15. All external edges of the STAD canister shall have a radius of curvature sufficient to protect against gouging of the internal surfaces of the overpacks.
16. Projections or protuberances from reasonably smooth, adjacent surfaces shall be avoided or smoothly blended into the adjacent smooth surfaces so that loading into a storage or transportation overpack will be facilitated with a low potential for damage to the interior of the overpack.
Structural
1. There are no structural requirements or elaborations on requirements beyond those necessary to meet 10 CFR Parts 71 and 72, including applicable acceptance criteria in associated review plans (NUREG-1536 Rev. 1, NUREG-1567 , and NUREG-1617 canister internal temperature analysis, the canister outer surface temperature may be assumed to be 2°C hotter than the disposal overpack outer surface temperature. c) The neutron absorber plate shall have boron content of 1.1-1.2 wt %, a range that falls within the specification range for 304B4 (Unified Numbering System [UNS] S30464) as described in ASTM A887-89 (2014).
d) Neutron-absorbing material shall extend the full length of the fuel basket.
e) Neutron-absorbing plates shall either surround each assembly or extend the full cross section of the STAD canister (in the plane perpendicular to the canister's long axis).
f) The borated stainless steel plates shall be incorporated into the basket without the use of welding.
4. Potential problems from uniform corrosion, pitting, stress corrosion cracking, or other types of corrosion shall be evaluated for the environmental conditions and dynamic loading effects that are specific to the component. Because it is assumed that a separately evaluated disposal overpack will be used for disposal, this requirement refers to environmental conditions during storage or aging as well as during transport.
5. All external welds except the closure welds shall be treated (e.g., stress relieved) prior to loading to mitigate the potential for stress corrosion cracking. The final closure welds shall be capable of being treated after loading. The triggers and timing for treating the final closure welds shall be determined as part of the aging management plan developed in support of CoCs and licenses.
6. The STAD canister and its basket materials shall be designed to be compatible with both borated and nonborated pool water.
7. The following is a list of prohibited or restricted materials.
a) The STAD canister shall not use organic, hydrocarbon-based materials of construction.
b) The STAD canister shall not be constructed of pyrophoric materials.
c) The STAD canister (including the basket, thermal shunts, criticality control materials, gaskets, seals, adhesives, and solder) shall not be constructed with materials that would be regulated as hazardous wastes under the Resource Conservation and Recovery Act (RCRA) and prohibited from land disposal under RCRA if declared to be waste. Specific sections of the Environmental Protection Agency (EPA) regulations defining hazardous wastes are listed in Section 4 of this performance specification document (Glossary).
8. The following is a list of marking requirements.
a) The STAD canister shall be capable of being marked on the lid and body with an identical unique (vendor independent) identifier prior to delivery for loading.
b) The markings shall remain legible for the 150-year service life of the STAD canister without intervention or maintenance during normal operations and off-normal conditions associated with loading, closure, storage, transportation, aging, and placement in a disposal overpack.
Security
1. There are no security requirements or elaborations on requirements beyond those necessary to meet 10 CFR Parts 71 and 72, including applicable acceptance criteria in associated review plans (NUREG-1536 Rev. 1, NUREG-1567, and NUREG-1617) with applicable NRC ISG documents. Note that 10 CFR Parts 71 and 72 invoke compliance with 10 CFR Part 73, "Physical Protection of Plants and Materials."
Storage and Aging Configurations
1. Other than listed below, there are no requirements specific to the storage and aging configuration or elaborations on requirements beyond those necessary to meet 10 CFR Part 72, including applicable acceptance criteria in associated review plans (NUREG-1536 Rev. 1 and NUREG-1567) with applicable NRC ISG documents.
2. Storage and aging configurations for STAD canisters include the use of overpacks, modules, or vault systems.
Design bases -Information that identifies the specific functions to be performed by a structure, system, or component of a facility and the specific values or ranges of values chosen for controlling parameters as reference bounds for design. These values may be constraints derived from generally accepted state-of-theart practices for achieving functional goals or requirements derived from analysis (based on calculation or experiments) of the effects of a postulated event under which a structure, system, or component must meet its functional goals. The values for controlling parameters for external events include:
• estimates of severe natural events to be used for deriving design bases that are based on consideration of physical data, historical data on the associated parameters, or analysis of upper limits of the physical processes involved, and
• estimates of severe external human-induced events to be used for deriving design bases that are based on analysis of human activity in the region, taking into account the site characteristics and the risks associated with the event.
Event sequence (repository) -A series of actions and/or occurrences within the natural and engineered components of a geologic repository that could lead to exposure of individuals to radiation. An event sequence includes one or more initiating events and associated combinations of repository system component failures, including those produced by the action or inaction of operating personnel.
Fuel assembly -A number of fuel rods held together by plates and separated by spacers, to allow coolant to flow over the rods in a reactor. This assembly is sometimes called a fuel bundle or fuel element.
Hazardous wastes (under the Resource Conservation and Recovery Act, RCRA) -According to the EPA website, hazardous waste has properties that make it dangerous or potentially harmful to human health or the environment. In regulatory terms, RCRA hazardous wastes fall into two categories:
• Listed wastes appearing on one of the four EPA hazardous wastes lists:
-The F-list (non-specific source wastes), 40 
